UNCLASSIFIED 


AD  NUMBER 

AD158670 

NEW  LIMITATION  CHANGE 
TO 

Approved  for  public  release,  distribution 
unlimited 


FROM 

Distribution  authorized  to  U.S.  Gov't, 
agencies  and  their  contractors; 
Administrative/Operational  Use;  FEB  1958. 
Other  requests  shall  be  referred  to 
Quartermaster  Research  and  Engineering 
Center,  Natick,  MA. 

AUTHORITY 

USAETL  ltr,  28  Sep  1976 


THIS  PAGE  IS  UNCLASSIFIED 


i  r  V-  '  ’  i  /  .  -  L  I;  «  J  ELI  M  I  TED 

■; ...  a r l: i  r.  -  ^ur  :  release 
j i < i ' : JOE  :ve:  S200.20  AND 

X  :  RICl  I  Of  ARE  imposed  upon 
;  t :  v:  •:  and  r: ; :  closure. 

j1:  TR!  aIJTIGN  ■  I  ATEfll- NT  A 

APPROVED  FOR  I'  ..‘Ml  .0  RELEASE; 

:,r  H  ihUTION  :  A  _  !  M I  TED  , 


UNCLASSIFIED 


158  670 


Hepnoduced 
luf  Ute 


ARMED  SERVICES  TECHNICAL  INFORMATION  AGENCY 
ARLINGTON  HALL  STATION 
ARLINGTON  12,  VIRGINIA 


UNCLASSIFIED 


NOTICE:  When  government  or  other  drawings,  speci¬ 
fications  oi  other  data  are  used  for  any  purpose 
other  than  :  i:  connection  with  a  definitely  related 
government  procurement  operation,  the  U.  S. 
Government  thereby  incurs  no  responsibility,  nor  any 
obligation  whatsoever;  and  the  fact  that  the  Govem¬ 
ment  may  have  formulated,  furnished,  or  in  any  way 
supplied  the  said  drawings,  specifications,  or  other 
data  is  not  to  he  regarded  by  implication  or  other¬ 
wise  as  in  any  manner  licensing  the  holder  or  any 
other  person  c  r  corporation,  o:r  conveying  any  rights 
or  permission  to  manufacture,  use  or  sell  any- 
patented  invention  that  /nay  in  any  way  he  related 
thereto. 


NOTICE:  When  government  or  other  drawings,  speci¬ 
fications  or  other  data  are  used  for  any  purpose 
other  than  in  connection  with  a  definitely  related 
government  procurement  operation,  the  U.  S. 
Government  therety  incurs  no  responsibility,  nor  any 
obligation  whatsoever;  and  the  fact  that  the  Govern¬ 
ment  may  have  formulated,  furnished,  or  in  any  way 
supplied  the  said  -drawings,  specifications,  or  other 
data  Is  not  to  be  regarded  by  implication  or  other¬ 
wise  as  in  any  manner  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  any  rights 
or  permission  to  manufacture,  use  or  sell  any 
patented  invention  that  may  in  any  way  be  related 
thcrsto • 


158  673 


HEADQUARTERS 


RM ASTER  RESEARCH  &  ENGINEERING  COMMAND 

U  S  ARMY 


WINDCH1LL  IN  THE  NORTHERN  HEMISPHERE 


QUARTERMASTER  RESEARCH  &  ENGINEERING  CENTER 
ENVIRONMENTAL  PROTECTION  RESEARCH  DIVISION 


FEBRUARY  I9S8 


NATICK,  MASSACHUSETTS 


HEADQUARTERS  QUARTERMASTER  RESEARCH  &  ENGINEERING  COMMAND,  US  ARMY 
Quartermaster  Research  &  Engineering  Center 
Natick,  Massachusetts 


ENVIRONMENTAL  PROTECTION  RESEARCH  DIVISION 

Technical  Report 
EP-82 


WINDCHILL  IN  THE  NORTHERN  HEMISPHERE 


Sigmund  J.  Falkowski  Andrew  D.  Hastings,  Jr. 

Meteorologist  Geographer 

Regional  Environments  Research  Branch 


Project  Reference: 
7-83-01-005A 


February  165R 


FOREWORD 


Quartermaster  scientists  are  often  concerned  with  problems  of  man’s 
cold  tolerance  and  the  development  of  protective  items  which  can  extend 
his  functional  effectiveness  under  severe  cold  conditions.  It  is,  there¬ 
fore,  necessary  to  know  the  global  distribution  of  cold  stress  elements. 

Die  accompanying  study  evolved  from  a  need  for  a  basic  map  reference 
on  mean  windchill  occurrence  for  use  in  predicting  distributions  of  vari¬ 
ous  levels  of  soldier  performance  capabilities  in  cold  environments. 

When  windchill  is  related  to  performance  of  man  and  his  equipment,  a  suit 
able  map  of  the  distribution  of  the  soldier’s  responses  or  of  item  func¬ 
tion  capabilities  can  be  derived. 

This  report  presents  for  the  first  time  a  windchill  map  of  the  entir 
Northern  Hemisphere. 
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ABSTRACT 


Windchill  is  defined  as  the  cooling  power  of  wind  and  temperature 
combinations  on  shaded,  dry  human  skin.  It  is  measured  in  kilogram  cal¬ 
ories  of  heat  loss  per  square  meter  of  exposed  skin  surface  per  hour  for 
each  Centigrade  degree  of  temperature  difierence  between  the  skin  and  the 
ambient  air. 

The  report  points  out  the  usefulness  of  the  windchill  index  in  as¬ 
sessing  relative  human  comfort  as  well  as  its  limitations  with  respect 
to  evaporation  and  radiation  influences „  Tables  simplifying  computation 
of  the  index  are  included.  These  tables  list  temperature  and  wind  speed 
factors  derived  from  the  windchill  formula,  converted  from  metric  to 
English  units  for  temperatures  from  90°F.  to  -105°F„  and  for  wind  speeds 
from  o  to  U5  miles  per  hour.  Any  pair  of  these  factors  applicable  to  a 
given  situation  may  be  multiplied  directly  to  yield  the  windchill  inde'  . 

A  map  of  the  Northern  Hemisphere  shows  the  mean  wi”'  '■  •  '■  ’<  distr:  ou- 
tion  for  the  coldest  roe~ ' '  vf  the  year,  vriog  isoplethf  a-  ..r.r  rv ■>.'.&  c 
100  units  of  wl^'’  *•  '  -,m  5»00  tc  £,100  Kg#Cals./m2/hr..  .  were 

derived  **-  ••  of  tarroerature  and  wind  speed  '.om  more  than 

1,000  .  --,1..  . 


WjHJJCH 


NORTHERN  HEMISPH1' '  ’ r 


1, 


i'he  Wind  chill  Index 


Development  b- 


A 


'JTte  +e-.  -ludchill-'  was  first  introduc*-'' 

Siple  as  a  '.^scribing  relative  discomfort  ■ 

of  -wind  ■  ^mperature „  The  wundchlll  ind^' 
was  j  a  multiplication  of  the  wind 

te.:v.  mature  in  degrees  Centigrade  .^eroV  ihis  method  was  not  applxc- 
.ole  to  temperatures  above  zero  Centigrade,  and  had  the  additional 

speed  ^^r  'erated  the  windchill  values. 


^  Paul  A. 

combinations 
% '  or' , :  _t  tally  developed , 

rs  per  second  by  the 


disadvantage  in  that  high  w5 


Passel(lf') 


for*"' 


i  qi  *!  x, 

-ya'  'formula  for  nnu;'  util  was  devt  oped  by  Siple  and 

^experiments  conducted  «i-  tittle  America,  Antarctica,  jlt 


.  ,,.-xve’ ■  below,  was  related  to  c'osex-vations  of  the  freezing  rate 


tctTf" sealed  in  a  plastic  cylinder. 


H  «  (  ./lOOv  ^  10, cS  -  ^>)  (33  ••  t) 

where  K  «  Heat  loss  (•’•inde.hill)  in  Kg.  Cals/  ;  -/hr. 
v  •-*  Wind  r-poed  in  meters  per  second 
t  *•  Air  tampernture  in  degrees  Centigrade 


The  formula  meacires  the  cooling  power  of  wind  and  temperature 
in  complete  shade,  without  'v.garo  V*  evaporation.  The  resulting  heat  loss 
is  expressed  in  kilogram,  ol'-.;.  re,-  per  square  meter  of  exposed  skin  surface 
per  hour. 


Of  the  many  foimulas  proposed  by  various  investigators,  Siple1  s 
is  the  only  one  based  on  actual  observations  In  d/i  extremely  cold  environ¬ 
ment.  'fccne in  a  review  of  some  windchill  fomu a e, cautioned  against 
extrapolation  of  formulas  very  far  beyond  the  laboratory  or  experimental 
ranges  over  -notch  they  were  originally  evaluated.  Siple* s  formula,  more¬ 
over,  has  the  advantage  of  having  been  evaluated  over  a  lower  temper  dure 
range  (-9°  to  -S>6°0.)  than  the  others. 

Although  windchill  affords  only  a  qualitative  me?  -e  of  the 
cooling  effect  on  the  human  boc^y,  it  has  been  adopted  as  a  descriptive 
value  for  the  severity  of  cold  environments.  Burton  and  Edholnr-^,  in 
their  text  on  the  physiological,  and  pathological,  effects  of  cold  environ¬ 
ments  on  man,  state  "The  index  of  windchill  has  enjoyed  a  considerable, 
and  deserved,  popularity,  for  it  has  been  proved  in  the  field  that  it  does 
’ndeed  provide  an  index  corresponding  q^iite  well  with  experience  in  the  cold, 
.  t  -  ”  "ie  discomfort  and  tolerance  of  man  in  the  cold'5. 


1 


v-V  '■utions:  Radiation.  Evaporation,  and  Other  Heat  Losses 

'  r’ -.e.-  'he  winter  conditons  existing  during  Siple’s  experiments 
in  t*  .•  .•uuarct . utgoing  terrestrial  radiation  always  exceeded  incoming 
i"j'  ■•••on.  T>-  ■»  venue  of  heat  loss,  therefore,  is  included  in  the  for- 

•:ni’  .  Howmr-.1-J  aUr  ^g  periods  of  incoming  radiation,  whether  direct  or 
■'n.e,  the  calculated  values  of  windchill  exceed  the  true  values,  since 
i  ■  formula  dees  not  consider  this  possible  source  of  heat  gain.  Under 
o  iditions  of  bright  ...nshine  the  windchill  index  should  be  reduced  by 
•.  out  2CG  Kg.C'us/'  fyhr.  >  and  under  light  cloud  conditions  by  about 
SO  Kg. Cals/v- /hr.  (see  Section  3). 

Th  •  windchill  index  is  based  upon  a  neutral  skin  temperature  of 
3°C.  (Q1,4°F,)0  When  body  heat  production  rises  (as  during  physical 
•ctivicy  or  exertion),  perspiration  begins,  anu  the  excess  heat  is  removed 
■  j  vaporisation.  It  is  assumed  that  this  avenue  of  heat  loss  is  adequately 
controlled  by  the  body  and  that  the  heat  removed  by  vaporization  does  not 
exceed  the  additional  heat  produced  by  the  physical  activity. 

Additional  heat  is  ie :t  from  the  body  through  conduction  to  cold 
objects  or  surfaces  with  ivhich  it  is  in  contact  and  in  breathing  cold  air 
which  results  in  the  loss  of  heat  from  the  lungs. 

The  index,  therefore,  does  not  provide  a  measure  of  the  total 
possible  loss  from  the  body,  but  does  give  a  good  measure  of  the  convec¬ 
tive  cooling,  which  is  the  major  source  of  body  heat  loss. 

’ •  Aids  for  Computation  of  Windchill 

Windchill  Computation  Tables 

Tables  I  ana  11  provide  an  easy  means  of  computing  instantaneous 
.  mean  windchill  value-3  from  temperature  in  degrees  Fahren  oit  and  wind 
speed  in  miles  per  hour,  thus  eliminating  tedious  conversion  of  these 
values  from  the  English  system  to  the  metric  system  of  units  in  the  formula. 

Table  I,  Windchill  Computation.  Temperature  Factor,  lists  fac¬ 
tors  for  the  differences  between  skin  temperature  and  ambient  air  t  ape  na¬ 
ture  for  air  temperatures  from  90°F.  to  -105°F.  (obtained  by  converting  the 
temperature  element  of  the  formula,  to  50.76  -.(*56)  °F.)„ 

Table  II,  Windchill  Computation.  Wind  Speed  Factor,  lists  heat 
loss  factors  in  Kg.Cals/rrn/hr  for  each  tenth  of  a  mile  per  hour  from  0  to 
20  rr.ph  and  by  one  mile  pt?r  hour  units  from  20  to  45  mph.  For  wind  speed 
over  45  mph.  Si pie  recommends  a  maximum  cooling  rate  of  35  Kg.Cals/m  ,  h. 
Facr.cvs  for  applicable  values  of  ambient  air  temperature  and  wind  speed, 
when  multiplied  together,  result  in  the  /indchill  index  in  Kg.Cals/m^/hr. 

For  example,  tho  factors  for  a  wind  speed  of  20  mph  and  an  air  temperature 
of  -30°F.  are  given  in  Tables  I  and  li  as  31.35  and  67.58,  respectively. 
Multiplication  of  those  facto-s  results  in  a  windchill  .index  of  2,118 
K<*.Calo/m2/hr. 


RATURE  l°C> 


TABUS 


Wludchlll  Computation,  Temperature  Factor 


Values  derived  from  the  temperature  component  of  the  windchm 
formula,  converted  from  the  metric  (33  -  °C.)  to  (50.78  -(.5&F0) 
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Windchill  Nomogram 


Rapi.d  approximations  of  the  windchill  index  for  wind  speed  from 
0  to  hS  mph.  and  temperature  from  92°  to  -U3°F„  may  be  obtained  from  the 
Windchill  Nomogram,  Figure  1*  When  the  windchill  index  is  less  than  the 
rate  of  body  heat  production,  excess  heat  is  removed  by  vaporization* 
leader  conditions  of  bright  sunshine,  indicated  values  of  the  windchill  in¬ 
dex  should  be  reduced  by  about  200  Kg0  Cals*  Expressions  of  relative  com¬ 
fort  indicated  on  the  nomogram  are  based  upon  an  individual  in  a  state  of 
inactivity* 

3  »  Windchill -—  Comfort  Relationships 

Some  success  has  been  attained  in  relating  windchill  to  comfort,  in 
spite  of  the  many  variables  that  make  one  person  feel  comfortable  when 
another  is  not.  The  outstanding  variables  affecting  any  scale  or  measure 
of  comfort  are  the  physiological  and  psychological  differences  among  in¬ 
dividuals  and  the  degree  of  acclimatization  and  phobic al  activity* 

Dr*  Siple  correlated  atmospheric  cooling  with  human  comfort  and  low¬ 
er  limits  of  physical  endurance*  During  his  experiments  in  the  Antarctic, 
relative  comfort  observations  were  obtained  simu.'  aneously  with  his  meas¬ 
urements  of  atmospheric  cooling*  Table  HI  gives  a  summary  of  the  general 
bioclimatic  responses  at  windcuills  from  600  to  2,300  Kg„Cal. /m2/hr* 

TABLE  III 

Stages  of  Relative  Human  Comfort  and  Environmental  Effects  of 
Atmospheric  Cooling  (After  Siplep)  19h3*) 


Windchill 

(Kg.Cal»/nffirr*) 

60Q  Considered  as  comfortable  when  dressed  in  wool  underwear,  socks, 
mitts,  ski  boots,  ski  headband,  and  thin  cotton  wtndbreaker 
suits,  and  while  skiing  over  level  snow  at  about  3  mph*  (Meta¬ 
bolic  output  about  200  Kg*Cal,/m  /hr* ) 

1,000  Consider e a  unpleasant,  for  travel  on  foggy  and  overcast  days* 

1,200  Considered  unpleasant  for  travel,  on  clear  sunlit  days* 

1,U00  Freezing  of  exposed  human  flesh  begins,  depending  upon  degree  of 

activity,  amount  of  solar  radiation,  character  of  skin,  and  circu¬ 
lation,  Travel  or  living  in  temporary  shelter  becomes  disagreeable* 

2,000  Travel  or  living  in  temporary  shelter  becomes  dangerous*  Exposed 
areas  of  f.Lesh  will  freeze  within  loss  than  1  minute  for  the  av¬ 
erage  individual* 

2,300  Exposed  areas  of  flesh  will  freeze  •within  .Less  than  £  minute  for 
the  average  individual* 
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Go]/  proposed  a  set  of  descriptive  terms  for  comfort  at 

ho^nn  betW2S:-  3°°  “*  9D°F*  at  speed*,  of  ?.  ?5,LdlfmIles 

+  ‘  mdei  conditions  of  cloudiness.  Table  IV.  in  which  these 

5ernis  are  presented,  also  includes  windehil]  values  appropriate  to  the 

tTSed3^6  T+?  i'i'd  cond.itions  described.  The  windchill  values  were  ob- 
tained  by  multiplying  applicable  factors  for  temperature  and  wind  speed 
from  Tables  I  and  II. 


Table  IV  shows  that  under  identical  temperature  and  wind  condi¬ 
tions,  subject ire  response  of  individuals  varies  with  the  amount  of  solar 
radiation,  indicating  that  some  heat  is  being  provided  by  the  radiation. 
In  bright  sunshine,  a  parson  may  feel  "very  tool"  at  a  windchill  of 
8U0  Kg. Cal. /Vy hr.  (wind  speed  15  mpti  at  UOJF„),  but  with  radiation  re¬ 
duced  by  a  thick  cloud  cover,  the  subjective  response  to  the  same  wind- 
chill  ir  indicated  as  "cold".  To  allow  for  the  additional  heat  provided 
during  periods  of  bright  sunshine,  the  windchill  index  should  be  reduced 
by  about  200  Eg. Cals ./m^/hr.  With  light  cloud  conditions,  the  index 
should  be  reduced  by  about  100  Kg„Cals./m2/hr « 


TABLE  IV s  Inscriptive  Terms  with  Windchill  Values  Appropriate 
to  Different  Temperature .•?  and  Wind  Speeds* 


Wind 

Speed 

(mph) 

Temp,, 

(°F.) 

Wind¬ 

chill 

In  Sunshine 

Light  Cloud 

Thick  Cloud 

/90 

18 

Unbearably  hot 

Unbearably  hot 

Very  warm 

/  60 

IL46 

Unbearably  hot 

Very  warm 

Warm 

/  ?0 

269 

Hot 

Warm 

Pleasant 

5  \ 

60 

39b 

Warm 

Pleasant 

Pleasant 

\  ?° 

3>.u 

Pleasant 

Cool 

Cool 

\  K 

65  8 

Cool 

Cool 

Very  cool 

\30 

788 

Cool 

Very  cool 

Cold 

/  90 

23 

Unbearably  hci 

Very  warm 

Very  warm 

/  80 

16? 

Hot 

Warm. 

Pleasant 

.  / 

'  70 

3U3 

Warm 

Pleasant 

Cool 

15  A 

60 

508 

Pleasant 

Cool 

Cool 

\  50 

67I1 

Cool 

Very  cool 

Very  cool 

\  ho 

81,0 

Very  cool 

Col  ■ 

Cold 

\30 

1005 

Cold 

Very  cold 

Very  cold 

/g° 

25 

Unbearably  hot 

Vary  warm 

Warm 

/  80 

206 

Very  warm 

Pleasant 

Pleasant 

_  / 

7  70 

378 

Pleasant 

f’-ol 

Coc3 

25  \ 

60 

:’6i 

Cool 

V'e.i .y  cool 

Very  cool 

Ihh 

Very  cool 

Cold 

Cold 

\  !-0 
\ 

Q97 

field 

Vor'/- 

Vor’r  cold 

\30 

no? 

Very  ccld 

t.i..4xriy  cold 

Bitterly  cold 

*( Partly  after  GulSfy 
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Map  of  Moan  Windchill  in  ahe  Northern  Hemisphere,  Coldest  Month 

'njle  maP  of  mean  windchill  distribution  in  the  Northern  Hemisphere, 
presented  at  the  end  of  this  report,  was  originally  prepared  to  answer  re¬ 
quests  for  maps  depicting  the  effects  of  windchill  specifically  in:  1)  re¬ 
ducing  speed  of  human  reaction,  and  2)  increasing  the  time  necessary  to 
complete  tasks  requiring  manual  dexterity.  The  request  necessitated  prep¬ 
aration  of  the  wind-chill  map  included  in  this  reportj  this  is  a  new  anal¬ 
ysis  of  mean  windchill  in  North  America  and  Europe  arid  what  i3  believed  to 
be  the  first  analysis  of  mean  windchill  distribution  in  Asia. 

The  map  is  based  on  windchill  values  computed  from  mean  temperature 
and  mean  wind  speed  during  the  coldest  month  at  each  staTISn,  The  wind- 
chilTTorriiula  applies  best  to  simultaneous  conditions  of  wind  and  temp¬ 
erature,  but  use  of  average  monthly  values  gives  only  slightly  different 
results. 

It  has  been  proposed  by  some  investigators^*)  that  this  difference 
can  be  considerable,  and  that  determination  of  mean  windchill  at  various 
stations  should  be  based  on  individual  hourly  observations.  These  pro¬ 
posals  are  usually  based  on  the  common  assumption  that  the  lowest  tempera¬ 
tures  in  any  locality  always  occur  with  calms  or  very  light  winds  and  that 
the  low  windcfcill  values  during  these  calm  conditions  are  not  sufficiently 
reflected  by  the  averages.  However,  examination  of  wind  frequency  data  at 
numerous  arctic  and  subarctic  stations  reveals  that  this  assumption  is  not 
valid  for  a  najority  of  locations,  and  that  light  to  moderate  wind3  (3  to 
18  mph)  .occur  even  at  temperatures  near  the  lowest  on  record  at  each  sta¬ 
tion.  ,  Analysis  of  10  years  of  January  data  from  Fort  Churchill, 

Canada,  indicates  that  the  windchill  index  resulting  from  the  use  of  mean 
temperature  and  mean  wind  -peed  data  for  the  period  is  only  1.9  percent 
greater  than  the  value  obtained  by  averaging  3,720  individual  b.' -hourly 
windchill  values  for  the  same  period.  It  is  likely  that  analysis  of  sim¬ 
ilar  data  from  other  stations  should  result  in  equally  small  differences. 
It  is  felt,  therefore,  that  windchills  based  on  mean  monthly  values  are 
sufficiently  representative  to  afford  a  satisfactory  measure  of  the  rel¬ 
ative  severity  of  combinations  of  wind  and  low  temperature. 
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